Background {#Sec1}
==========

Ulcerative colitis (UC) and Crohn's disease (CD) both originate from dysregulation of the immune system and are the most common types of inflammatory bowel disease (IBD), with prevalence increasing in Germany and worldwide \[[@CR1], [@CR2]\]. Recent estimates of prevalence in Germany were 412 (95% confidence interval \[CI\], 389--436) cases of UC and 322 (95% CI, 302--346) cases of CD per 100,000 persons \[[@CR2]\]. Both UC and CD are chronic diseases that often require life-long treatment and frequent hospitalization, resulting in reduced patient quality of life and substantial healthcare resource utilization \[[@CR3], [@CR4]\].

Patients with moderately or severely active IBD who have had an inadequate disease response, lost response, or were intolerant to a conventional treatment such as a corticosteroid, aminosalicylate, and/or immunomodulatory drug may be treated with a biologic agent, such as a tumor necrosis factor alpha (anti-TNFα) antagonist (adalimumab, infliximab, or golimumab \[approved in Europe for UC only\]), ustekinumab, vedolizumab, or with the oral small molecule janus kinase (JAK) inhibitor tofacitinib (approved for UC only). Meta-analyses have shown that in patients with IBD, anti-TNFα therapy in comparison with placebo results in higher likelihood of induction of remission and response as well as maintenance of remission and response \[[@CR5], [@CR6]\]. However, up to 30% of patients do not respond to anti-TNFα treatment (primary non-response) and 23 to 46% of patients lose response over time (secondary loss of response) \[[@CR7]\]. High treatment failure rates indicate a need for other first- and second-line biologic treatment options to improve the management and outcomes of patients with UC or CD \[[@CR8]--[@CR12]\].

Vedolizumab, a gut-selective α~4~β~7~ integrin antagonist, was approved by the European Medicines Agency (EMA) in May 2014 for the treatment of moderately to severely active UC and CD. Vedolizumab blocks the binding of integrin α~4~β~7~ on lymphocytes to mucosal vascular addressin cell adhesion molecule 1 (MAdCAM-1) on gut endothelial cells, resulting in reduced lymphocyte trafficking into gut tissue. In the phase 3, randomized, double-blind, placebo-controlled GEMINI trials, vedolizumab effectively improved clinical remission (CR) and increased symptom resolution in patients with active UC (GEMINI 1) and CD (GEMINI 2 and 3) \[[@CR13]--[@CR15]\]. Subgroup analyses of the GEMINI trials showed more pronounced treatment effects in anti-TNFα--naïve patients than in patients previously treated with anti-TNFα therapy \[[@CR13], [@CR14]\]. Real-world evidence also supports the greater effectiveness of vedolizumab in anti-TNFα--naïve patients \[[@CR16]--[@CR19]\] and can be utilized to compare the effectiveness and safety of vedolizumab and anti-TNFα and help inform clinical treatment choices. This is particularly important for key patient sub-groups, such as those naïve or refractory to biologic treatments, for whom gastroenterologists must select the most appropriate treatment to achieve optimal outcomes.

This study aimed to assess the real-world effectiveness and safety of vedolizumab and anti-TNFα in patients with UC or CD treated at multiple centers in Germany, shortly after vedolizumab became available. Patients were either biologic treatment naïve or had received no more than one prior anti-TNFα therapy.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

A retrospective, multicenter medical chart review study was conducted between June 2016 and January 2017. The study evaluated patients with IBD initiated with vedolizumab or an anti-TNFα between 15 July 2014 and 20 October 2015 at 15 sites in Germany. The 4 university and 11 private practice study sites were geographically dispersed and of varied sizes. The study was approved by the local ethics committee at each participating site (Additional file [1](#MOESM1){ref-type="media"}). All patients alive at the time of chart abstraction (99% of patients) signed an informed consent form prior to participation in this study.

Adult patients (≥18 years of age) with UC or CD who were biologic-naïve or who had received no more than one prior anti-TNFα and initiated "index treatment" with either vedolizumab or an anti-TNFα (infliximab-originator, infliximab-biosimilar, adalimumab, or golimumab \[UC only\]) between 15 July 2014 and 20 October 2015 were eligible. Patients were excluded if their index treatment was administered as part of a clinical trial, if they had received more than one anti-TNFα treatment before they initiated index treatment, or if they had received prior treatment with biologic agents for conditions other than IBD.

The post-index follow-up period was defined as the time period between index treatment initiation and the earliest of date of chart abstraction initiation, date of death, or date of last contact with the site.

Study data {#Sec4}
----------

Data on patient demographics, clinical history, and treatment history were collected prior to index treatment in the time period beginning on the date of diagnosis of UC or CD and ending 1 day before the date of index vedolizumab or anti-TNFα treatment initiation during the eligibility period. Data collected included age, sex, disease duration, comorbidities, and prior medical and surgical treatment. Data were also collected on disease location, disease activity, and concomitant non-biologic therapies at index treatment initiation. Due to variability in the timing of real-world clinical appointments and the completeness of records, a "window" for the evaluation of baseline disease activity was applied, using the chart-recorded patient assessment closest to Day 0 (index treatment initiation) from Day − 182 to Day 0. Following index treatment, data were collected on treatment patterns, treatment effectiveness, adverse events (AEs), and mortality. Patients were followed-up from index treatment initiation to the first of index treatment discontinuation, death, loss to follow-up, or chart abstraction.

Study outcomes (events) of interest included the incidence of clinical remission and, measured separately, symptom remission within 6 months (26 weeks) from index treatment initiation. These outcomes were selected after considering the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) guidelines, which recommend that clinical/patient-reported outcome remission should be the treatment target in both UC and CD \[[@CR20]\]. Although STRIDE recommends that these outcomes should be evaluated in combination with endoscopic remission, the limited availability of endoscopic data precluded evaluation of a composite endpoint in the current study.

In patients with UC, several events of interest were analyzed: CR and resolution of rectal bleeding (RB) and stool frequency (SF) symptoms. Clinical remission was defined as a total Mayo score ≤ 2 with no individual subscore \> 1 or a partial Mayo score ≤ 2 with no individual sub-score \> 1, RB resolution was defined as a Mayo RB sub-score of 0, and SF resolution was defined as a Mayo SF sub-score of 0 or 1. In patients with CD, several events of interest were analyzed: CR and resolution of abdominal pain (AP) and liquid stool (LS) symptoms. Clinical remission was defined as a Harvey-Bradshaw Index (HBI) score \< 5, AP resolution was defined as an AP score of 0 (no pain) or 1 (mild pain), and LS resolution was defined as ≤1.5 liquid or very soft stools per day.

Statistical analysis {#Sec5}
--------------------

Analyses were conducted on the full effectiveness analysis set, defined as patients with chart-recorded assessments both at baseline (between Day − 182 and Day 0) and after their index event (initiation of index treatment \[vedolizumab or anti-TNFα\] during the study eligibility period). Results were stratified by indication (UC or CD) and index treatment (vedolizumab or anti-TNFα), and sub-analyses were further stratified by prior biologic treatment history (biologic-naïve vs one prior anti-TNFα).

Descriptive statistics (mean, median, range, standard deviation \[SD\], and 95% CI) were computed for continuous variables. Categorical variables were described by frequency and percentages. Partially missing dates of UC or CD diagnosis and AEs were imputed; a missing month was imputed as 01 \[January\] and a missing day was imputed as 1 \[first day of month\]). All AEs were included in the analyses, even if the imputed date was before the index date. No other imputation of missing data was performed. The number of patients with missing records for any given variable is reported. Percentages were calculated using the total number of patients with available data as the denominator.

To assess clinical effectiveness, time-to-event was analyzed and the cumulative rate of patients experiencing the respective events by Week 26 was estimated using a nonparametric, stratified Kaplan-Meier (KM) approach to account for variability in patient follow-up and timing of outcome events. Patients in CR or with symptom resolution at baseline (based on most recent chart-documented assessment before index event from Day − 182 to Day 0) and who were not switched to index therapy due to "lack of/incomplete UC or CD response to prior therapy" were left censored at Day 0. Patients who discontinued their index treatment (for any reason) before the occurrence of the event of interest were censored at the date of index treatment discontinuation. Patients who did not present the event of interest during the post-index follow-up period and who did not discontinue the index treatment were censored at the date of last available information.

The duration of each outcome was also derived. Patients who did not present the event of interest (clinical or symptom remission) between Day 0 and Day 182 were left censored. For patients who presented with the event of interest, the time from the first chart record of the outcome having been achieved to the first chart record of the outcome no longer being achieved (defined as the inverse of the definition of each outcome) or index treatment discontinuation due to lack of effectiveness was assessed. Patients who did not meet the inverse definition of each outcome and who did not discontinue the index treatment were censored at the date of last available information.

For each outcome analysis, the number of patients at risk at index treatment initiation was dependent on the number of patients that were left censored. Consequently, since the number of patient "responders" at baseline varied between different assessed outcomes, the number of patients at risk at Day 0 was also variable. Kaplan-Meier survival curves by strata were compared using the log-rank test.

The number and percentage of patients with an AE were reported and, to account for variability in patient follow-up, AEs were also reported as incidence per 100 patient-years of exposure (number of patients experiencing an AE of interest divided by total time in years patients were at risk, multiplied by 100). Time at risk was defined as the duration between the date of index treatment initiation to the date of the first event of interest, 18 weeks post-treatment discontinuation (5 half-lives of vedolizumab) \[[@CR21]\], or date of last observation (whichever occurred first). If the imputed AE date was prior to the index date, the time at risk was defined as 0. All analyses were conducted using SAS version 9.4 software (SAS Institute, Cary, NC, USA).

Results {#Sec6}
=======

Patient baseline clinical and disease characteristics {#Sec7}
-----------------------------------------------------

### UC patients {#Sec8}

A total of 145 patients with UC met the study inclusion criteria, of whom 133 were included in the full effectiveness analysis set. Of these, 76 patients (22 \[29%\] were biologic-naïve) initiated treatment with vedolizumab and 57 patients (40 \[70%\] were biologic-naïve) initiated treatment with an anti-TNFα (12 adalimumab, 14 golimumab, 31 infliximab \[6 of these patients received an infliximab biosimilar\]) (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Study population and treatment cohorts. Anti-TNFα: anti-tumor necrosis factor alpha; CD: Crohn's disease; UC: ulcerative colitis; VDZ: vedolizumab

At baseline, UC patients treated with vedolizumab or anti-TNFα were 47% vs 58% female, median patient age was 39.5 vs 34.0 years, and median disease duration was 6.1 vs 4.7 years. In both treatment cohorts, most patients with known disease location had extensive colitis or pancolitis (65% on vedolizumab vs 51% on anti-TNFα). The mean (±SD) baseline total Mayo scores (6.0 \[2.9\] and 6.2 \[2.9\]) and the mean (±SD) partial Mayo scores (4.9 \[2.6\] and 5.4 \[2.5\]) were similar in the vedolizumab and anti-TNFα patient cohorts; however, a substantially larger proportion of vedolizumab compared with anti-TNFα patients had moderate to severe endoscopic disease (62% vs 39%; Table [1](#Tab1){ref-type="table"}). Rectal bleeding (RB score ≥ 1) was present at baseline in 60% of vedolizumab and 66% of anti-TNFα patients, and ≥ 3 stools per day more than normal were experienced at baseline by 71% of vedolizumab and 82% of anti-TNFα patients (Table [1](#Tab1){ref-type="table"}). Table 1Baseline demographics and clinical characteristics of patients with ulcerative colitisIndex Treatment groupVDZAnti-TNFαVDZAnti-TNFαVDZAnti-TNFαTreatment history \[Total N\]Biologic-naïve \[*N* = 22\]Biologic-naïve \[*N* = 40\]Prior anti-TNFα \[*N* = 54\]Prior anti-TNFα \[*N* = 17\]Total \[*N* = 76\]Total \[*N* = 57\]Female, %366052534758Age at index, years, median (range)46.5 (18--75)33.0 (19--76)35.0 (20--66)41.0 (22--60)39.5 (18--75)34.0 (19--76)UC duration, years, median (range) \[n with available data\]^a^5.8 (0--29) \[21\]4.2 (0--33) \[40\]6.7 (1--47) \[54\]6.7 (2--41) \[17\]6.1 (0--47) \[75\]4.7 (0--41) \[57\]UC location, \[n\]\[21\]\[35\]\[45\]\[12\]\[66\]\[47\] Ulcerative proctitis, %099869 Left-sided, %294029422940 Extensive colitis, %1011917913 Pancolitis, %624053335638Prior IBD-related surgery, %552034Total Mayo score, mean (SD) \[n\]5.9 (3.2) \[10\]5.7 (2.7) \[16\]6.1 (2.8) \[27\]7.7 (3.0) \[6\]6.0 (2.9) \[37\]6.2 (2.9) \[22\]Partial Mayo score, mean (SD) \[n\]4.8 (2.7) \[12\]4.8 (2.5) \[18\]4.9 (2.5) \[35\]6.9 (2.1) \[7\]4.9 (2.6) \[47\]5.4 (2.5) \[25\]Rectal bleeding score, \[n\]\[14\]\[26\]\[44\]\[12\]\[58\]\[38\] 0 (no blood seen), %363841254034 1 (streaks of blood with stool \< half of time), %362330173121 2 (obvious blood with stool most of the time), %142723252126 3 (blood alone passes), %1412733918Stool frequency score, \[n\]\[15\]\[23\]\[48\]\[11\]\[63\]\[34\] 0 (normal number of stools), %74170143 1 (1--2 stools/day more than normal), %3322801415 2 (3--4 stools/day more than normal), %13221991718 3 (≥5 stools/day more than normal), %475256915465Endoscopic score, \[n\]\[12\]\[20\]\[27\]\[8\]\[39\]\[28\] 0 (normal or inactive disease), %253011381532 1 (mild disease), %333519132329 2 (moderate disease), %252548254125 3 (severe disease), %171022252114Corticosteroids in past 2 years, %736878767670Aminosalicylates in past 2 years, %867078718070Immunomodulators in past 2 years, %555843594658Duration of previous anti-TNFα treatment, months, mean (SD), \[n\]----16.8 (16.9) \[47\]19.5 (17.0) \[16\]16.8 (16.9) \[47\]19.5 (17.0) \[16\]Duration from prior anti-TNFα discontinuation to index date, months, median (range), \[n\]----1.4 (0--32) \[50\]1.2 (0--44) \[17\]1.4 (0--32) \[50\]1.2 (0--44) \[17\]Index treatment, anti-TNFα type Infliximab originator, %--55--18--44 Infliximab biosimilar, %--15--0--11 Adalimumab, %--15--35--21 Golimumab, %--15--47--25Concomitant therapy at index Corticosteroids, %415044414347 Immunomodulators, %232820352130 Aminosalicylates, %595056535751*Anti-TNFα* Anti-tumor necrosis factor alpha, *IBD* Inflammatory bowel disease, *SD* Standard deviation, *UC* Ulcerative colitis, *VDZ* Vedolizumab^a^Unless otherwise indicated, data from the full population were available for analysis

In the 2 years before index vedolizumab or anti-TNFα index treatment initiation, respectively, patients received corticosteroids (76% vs 70%), aminosalicylates (80% vs 70%), and immunomodulatory agents (46% vs 58%) (Table [1](#Tab1){ref-type="table"}). Patients on vedolizumab or anti-TNFα with prior anti-TNFα treatment history had received their previous anti-TNFα for a mean (±SD) of 16.8 (16.9) and 19.5 (17.0) months, respectively, and had discontinued it for a median duration of 1.4 and 1.2 months prior to index, respectively (Table [1](#Tab1){ref-type="table"}). Concomitant baseline medication use at index for patients receiving vedolizumab or anti-TNFα index treatment included corticosteroids (43% vs 47%), immunomodulators (21% vs 30%), and aminosalicylates (57% vs 51%), respectively.

### CD patients {#Sec9}

A total of 188 patients with CD met the inclusion criteria, of whom 174 were included in the full effectiveness analysis set. Overall, 69 patients (10 \[14%\] were biologic-naïve) initiated treatment with vedolizumab and 105 patients (65 \[62%\] were biologic-naïve) initiated treatment with an anti-TNFα (40 received adalimumab, 65 received infliximab \[20 of these patients received an infliximab biosimilar\]) (Fig. [1](#Fig1){ref-type="fig"}, Table [2](#Tab2){ref-type="table"}). Table 2Baseline demographics and clinical characteristics of patients with Crohn's diseaseIndex Treatment groupVDZAnti-TNFαVDZAnti-TNFαVDZAnti-TNFαTreatment history \[Total N\]Biologic-naïve \[*N* = 10\]Biologic-naïve \[*N* = 65\]Prior anti-TNFα \[*N* = 59\]Prior anti-TNFα \[*N*= 40\]Total \[*N* = 69\]Total \[*N* = 105\]Female, %605268606755Age at index, years, median (range)39.0 (21--70)38.0 (18--72)42.0 (20--73)40.5 (21--58)41.0 (20--73)39.0 (18--72)CD duration, years, median (range) \[n with available data\]^a^8.2 (0--30) \[10\]3.7 (0--50) \[65\]10.1 (1--35) \[58\]7.2 (0--33) \[40\]9.8 (0--35) \[68\]5.6 (0--50) \[105\]CD location, \[n\]\[9\]\[57\]\[57\]\[34\]\[66\]\[91\] Ileal, %221826242620 Colonic, %332823152423 Ileocolonic, %445451625057Disease behavior, \[n\]\[9\]\[60\]\[52\]\[34\]\[61\]\[94\] Non-stricturing, non-penetrating, %446567386455 Stricturing, %442221412529 Penetrating, %111312211116Prior IBD-related surgery, %203542453939HBI score, \[n\]\[3\]\[10\]\[10\]\[13\]\[13\]\[23\] 0--4 (remission), %334030463143 5--7 (mild activity), %336030153135 8--16 (moderate activity), %33040383822  ≥ 17 (severe activity), %000000Abdominal pain score, \[n\]\[5\]\[46\]\[36\]\[22\]\[41\]\[68\] 0 (none), %203925412440 1 (mild), %02019181719 2 (moderate), %803747275134 3 (severe), %0481477Liquid/soft stools per day, mean (SD) \[n\]3.7 (2.5) \[3\]3.6 (3.8) \[35\]5.2 (4.9) \[26\]3.8 (4.7) \[21\]5.0 (4.7) \[29\]3.7 (4.1) \[56\]Endoscopic score, \[n\]\[6\]\[39\]\[30\]\[26\]\[36\]\[65\] 0 (normal or inactive disease), %171027272517 1 (mild disease), %172120191920 2 (moderate disease), %334620232237 3 (severe disease), %332333313326Corticosteroids in past 2 years, %606958535863Aminosalicylates in past 2 years, %203731452940Immunomodulators in past 2 years, %205729482853Duration of previous anti-TNFα treatment, months, mean (SD), \[n\]----31.6 (24.3) \[52\]22.3 (20.7) \[39\]31.6 (24.3) \[52\]22.3 (20.7) \[39\]Duration from prior anti-TNFα discontinuation to index date, months, median (range), \[n\]----1.1 (0--103) \[57\]2.1 (0--57) \[39\]1.1 (0--103) \[57\]2.1 (0--57) \[39\]Index treatment, anti-TNFα type Infliximab originator, %--42--45--43 Infliximab biosimilar, %--18--20--19 Adalimumab, %--40--35--38Concomitant therapy at index Corticosteroids, %202529282826 Immunomodulators, %1019818918 Aminosalicylates, %01415201316*Anti-TNFα* Anti-tumor necrosis factor alpha, *CD* Crohn's disease, *HBI* Harvey Bradshaw Index, *IBD* Inflammatory bowel disease, *SD* Standard deviation, *VDZ* Vedolizumab^a^Unless otherwise indicated, data from the full population were available for analysis

At baseline, CD patients treated with vedolizumab or anti-TNFα were 67% vs 55% female, median patient age was 41.0 vs 39.0 years, and median disease duration was 9.8 vs 5.6 years. Vedolizumab and anti-TNFα patients, respectively, had ileocolonic CD (50% vs 57%), stricturing (25% vs 29%), or penetrating disease (11% vs 16%) (Table [2](#Tab2){ref-type="table"}). Moderate or severe disease activity (HBI ≥8) was recorded in 38% of vedolizumab and 22% of anti-TNFα patients, while moderate to severe endoscopic disease was present in 56 and 63% of patients, respectively (Table [2](#Tab2){ref-type="table"}). Moderate to severe abdominal pain (AP score ≥ 2) was experienced at baseline by 59% of vedolizumab and 41% of anti-TNFα patients, while mean (±SD) number of liquid or very soft stools per day at baseline was 5.0 (4.7) for vedolizumab patients and 3.7 (4.1) for anti-TNFα patients (Table [2](#Tab2){ref-type="table"}).

Crohn's disease medications used within the 2 years before vedolizumab or anti-TNFα index treatment initiation, respectively, included corticosteroids (58% vs 63%), aminosalicylates (29% vs 40%), and immunomodulatory agents (28% vs 53%) (Table [2](#Tab2){ref-type="table"}). Vedolizumab patients with prior anti-TNFα treatment experience had received their previous anti-TNFα for a mean (±SD) of 31.6 (24.3) months and had discontinued it a median of 1.1 months before index; anti-TNFα patients with prior anti-TNFα treatment history had received their previous anti-TNFα for a mean (±SD) of 22.3 (20.7) months and had discontinued it a median of 2.1 months before index (Table [2](#Tab2){ref-type="table"}). Concomitant baseline medication use for patients receiving vedolizumab or anti-TNFα index treatment included corticosteroids (28% vs 26%), immunomodulators (9% vs 18%), and aminosalicylates (13% vs 16%), respectively.

Clinical effectiveness in UC {#Sec10}
----------------------------

### Clinical remission {#Sec11}

The estimated cumulative rates of patients achieving CR by Week 26 were higher with vedolizumab treatment (53.7%) than with anti-TNFα treatment (31.7%) (Fig. [2](#Fig2){ref-type="fig"}). Clinical remission trends in the prior anti-TNFα exposure status sub-cohorts were consistent with the overall finding. In the biologic-naïve sub-cohort, estimated rates of patients achieving CR by Week 26 were 50.1% for vedolizumab and 31.5% for anti-TNFα. In the one prior anti-TNFα cohort, CR was estimated to have been achieved by 55.5% vs 30.7% of vedolizumab and anti-TNFα patients, respectively (Fig. [3](#Fig3){ref-type="fig"}). The median duration that CR was estimated to be sustained for was 31.7 weeks for vedolizumab vs 28.3 weeks for anti-TNFα (log-rank *P* = 0.64) (Fig. [4](#Fig4){ref-type="fig"}). Fig. 2Time to first outcome by index treatment. Kaplan-Meier time to first outcome in patients with ulcerative colitis (panels **a-c**) or Crohn's disease (panels **d-f**) by index treatment (vedolizumab vs anti-tumor necrosis factor alpha \[anti-TNFα\])Fig. 3Time to first outcome by index treatment and prior biologic exposure. Kaplan-Meier time to first outcome in patients with ulcerative colitis (panels **a-c**) or Crohn's disease (panels **d-f**) by index treatment (vedolizumab vs anti-tumor necrosis factor alpha \[anti-TNFα\]) and prior biologic exposure (biologic-naïve vs one previous anti-TNFα agent)Fig. 4Duration of treatment outcomes by index treatment. Kaplan-Meier analysis of the duration of treatment outcomes in patients with ulcerative colitis (panels **a-c**) or Crohn's disease (panels **d-f**) by index treatment (vedolizumab vs anti-tumor necrosis factor alpha \[anti-TNFα\])

### Rectal bleeding resolution {#Sec12}

The estimated cumulative rates of patients achieving RB resolution by Week 26 were 66.8% with vedolizumab treatment vs 55.8% with anti-TNFα treatment (Fig. [2](#Fig2){ref-type="fig"}). As with CR, RB resolution trends in the prior anti-TNFα exposure status sub-cohorts were consistent with the overall finding. Among biologic-naïve patients, 66.8% of vedolizumab vs 57.0% of anti-TNFα patients were estimated to have achieved RB resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). Similarly, in the one prior anti-TNFα cohort, 65.7% of vedolizumab vs 52.0% of anti-TNFα patients achieved RB resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). The median duration of RB resolution was estimated to be significantly longer for vedolizumab vs anti-TNFα patients (38.1 vs 15.1 weeks, log-rank *P* = 0.03) (Fig. [4](#Fig4){ref-type="fig"}).

### Stool frequency resolution {#Sec13}

The estimated cumulative rates of patients achieving SF resolution by Week 26 were 59.8% with vedolizumab treatment vs 50.7% with anti-TNFα treatment (Fig. [2](#Fig2){ref-type="fig"}). Estimated rates of SF resolution were higher in biologic-naïve vedolizumab patients vs vedolizumab patients with prior anti-TNFα experience but were fairly consistent across sub-cohorts of anti-TNFα patients: among biologic-naïve patients, 66.8% of vedolizumab vs 51.0% of anti-TNFα patients were estimated to have achieved SF resolution by Week 26, whereas in the one prior anti-TNFα cohort, 54.8% of vedolizumab vs 49.2% of anti-TNFα patients achieved SF resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). The median duration of SF resolution was estimated to be 32.4 vs 86.3 weeks for vedolizumab and anti-TNFα patients, respectively (log-rank *P* = 0.27) (Fig. [4](#Fig4){ref-type="fig"}).

Clinical effectiveness in CD {#Sec14}
----------------------------

### Clinical remission {#Sec15}

The estimated cumulative rates of patients achieving clinical remission by Week 26 were 14.4% with vedolizumab vs 32.8% with anti-TNFα treatment (Fig. [2](#Fig2){ref-type="fig"}). Estimated rates of CR were higher in biologic-naïve vedolizumab patients vs vedolizumab patients with prior anti-TNFα experience but were consistent across sub-cohorts of anti-TNFα patients: in the biologic-naïve cohort, 25.0% of vedolizumab vs 33.7% of anti-TNFα patients were estimated to have achieved CR by Week 26 and 13.0% vs 33.0% in the one prior anti-TNFα cohort (Fig. [3](#Fig3){ref-type="fig"}). The median duration CR was estimated to be sustained for by anti-TNFα patients was 21.9 weeks (Fig. [4](#Fig4){ref-type="fig"}). In the small sample of vedolizumab patients who achieved CR by Week 26, median duration of CR could not be calculated.

### Abdominal pain resolution {#Sec16}

The estimated cumulative rates of patients achieving AP resolution by Week 26 were 62.5% with vedolizumab treatment vs 56.0% with anti-TNFα treatment (Fig. [2](#Fig2){ref-type="fig"}). Among both vedolizumab and anti-TNFα patients, estimated rates of AP resolution were slightly higher in biologic-naïve vs one prior anti-TNFα patients. Among biologic-naïve patients, 68.9% of vedolizumab vs 58.3% of anti-TNFα patients were estimated to have achieved AP resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). In the one prior anti-TNFα cohort, 61.4% of vedolizumab vs 52.6% of anti-TNFα patients were estimated to have achieved AP resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). The median duration of AP resolution was estimated to be \> 52 weeks in all patients who achieved AP resolution by Week 26 (Fig. [4](#Fig4){ref-type="fig"}).

### Liquid stools resolution {#Sec17}

The estimated cumulative rates of patients achieving LS resolution by Week 26 were 29.9% with vedolizumab vs 50.3% with anti-TNFα treatment (Fig. [2](#Fig2){ref-type="fig"}). Among biologic-naïve patients, 25.0% of vedolizumab vs 53.3% of anti-TNFα patients were estimated to have achieved LS resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). Among patients with prior anti-TNFα exposure, 29.7% of vedolizumab vs 45.8% of anti-TNFα patients were estimated to have achieved LS resolution by Week 26 (Fig. [3](#Fig3){ref-type="fig"}). In patients who achieved LS resolution by Week 26, the median time to loss of LS resolution was estimated to be 20.1 weeks for vedolizumab patients and \> 52 weeks for anti-TNFα patients (log-rank *P* = 0.21) (Fig. [4](#Fig4){ref-type="fig"}).

Safety outcomes {#Sec18}
---------------

### UC patients {#Sec19}

Treatment-related AEs occurred in 5.3% vs 7.0% of patients (4.0 vs 5.8 per 100 patient-years) and serious adverse events (SAEs) occurred in 13.2% vs 5.3% of patients (10.3 vs 4.3 per 100 patient-years) in the vedolizumab cohort vs anti-TNFα cohort, respectively. Among biologic-naïve patients, treatment-related AEs occurred in 4.5% vs 7.5% of patients and SAEs occurred in 4.5% vs 5.0% of patients in the vedolizumab cohort vs anti-TNFα cohort, respectively (Table [3](#Tab3){ref-type="table"}). Infection was the only adverse event reported by \> 5% of patients during vedolizumab treatment (6 patients; 7.9%). On anti-TNFα treatment \> 5% of patients reported infection (8 patients; 14.0%), nausea (4 patients; 7.0%), anemia (4 patients; 7.0%), arthralgia (3 patients; 5.3%) and eczema (3 patients; 5.3%). There were no UC patient deaths during the study period. Table 3Summary of adverse events**Patients with ulcerative colitis \[*N*** **= 133\]Index Treatment groupVDZAnti-TNFαVDZAnti-TNFαVDZAnti-TNFαTreatment historyBiologic-naïve \[N = 22\]Biologic-naïve \[N = 40\]Prior anti-TNFα \[N = 54\]Prior anti-TNFα \[N = 17\]Total \[N = 76\]Total \[N = 57\]**Any AE Patients with event, n (%)8 (36.4)21 (52.5)22 (40.7)4 (23.5)30 (39.5)25 (43.9) Patients with event per 100 patient-years, n (95% CI)36.3 (15.7--71.6)67.2 (41.6--102.7)42.6 (26.7--64.5)20.3 (5.5--52.1)40.7 (27.5--58.1)49.1 (31.8--72.4)Treatment-related AE Patients with event, n (%)1 (4.5)3 (7.5)3 (5.6)1 (5.9)4 (5.3)4 (7.0) Patients with event per 100 patient-years, n (95% CI)3.4 (0.1--18.8)6.4 (1.3--18.8)4.3 (0.9--12.5)4.4 (0.1--24.7)4.0 (1.1--10.3)5.8 (1.6--14.8)Any SAE Patients with event, n (%)1 (4.5)2 (5.0)9 (16.7)1 (5.9)10 (13.2)3 (5.3) Patients with event per 100 patient-years, n (95% CI)3.5 (0.1--19.5)4.2 (0.5--15.2)13.2 (6.0--25.1)4.4 (0.1--24.6)10.3 (5.0--19.0)4.3 (0.9--12.5)Any AE resulting in hospitalization Patients with event, n (%)1 (4.5)1 (2.5)8 (14.8)1 (5.9)9 (11.8)2 (3.5) Patients with event per 100 patient-years, n (95% CI)3.5 (0.1--19.5)2.1 (0.1--11.6)11.6 (5.0--22.9)4.4 (0.1--24.6)9.3 (4.2--17.6)2.8 (0.3--10.2)**Patients with Crohn's disease \[*N*** **= 174\]Index Treatment groupVDZAnti-TNFαVDZAnti-TNFαVDZAnti-TNFαTreatment historyBiologic-naïve \[N = 10\]Biologic-naïve \[N = 65\]Prior anti-TNFα \[N = 59\]Prior anti-TNFα \[N = 40\]Total \[N = 69\]Total \[N = 105\]**Any AE Patients with event, n (%)4 (40.0)30 (46.2)18 (30.5)15 (37.5)22 (31.9)45 (42.9) Patients with event per 100 patient-years, n (95% CI)45.2 (12.3--115.8)51.6(34.8--73.6)31.3(18.5--49.4)39.9(22.3--65.8)33.1(20.8--50.1)47.0(34.3--62.9)Treatment-related AE Patients with event, n (%)1 (10.0)16 (24.6)5 (8.5)4 (10.0)6 (8.7)20 (19.0) Patients with event per 100 patient-years, n (95% CI)7.7 (0.2--43.2)21.7(12.4--35.2)7.2(2.3--16.8)8.0(2.2--20.4)7.3(2.7--15.8)16.1(9.8--24.9)Any SAE Patients with event, n (%)1 (10.0)9 (13.8)6 (10.2)3 (7.5)7 (10.1)12 (11.4) Patients with event per 100 patient-years, n (95% CI)8.3(0.2--46.3)11.3(5.2--21.5)8.5(3.1--18.5)5.9(1.2--17.2)8.5(3.4--17.5)9.2 (4.8--16.1)Any AE resulting in hospitalization Patients with event, n (%)1 (10)5 (7.7)3 (5.1)3 (7.5)4 (5.8)8 (7.6) Patients with event per 100 patient-years, n (95% CI)8.3 (0.2--46.3)6.1 (2.0--14.3)4.1 (0.9--12.1)5.9 (1.2--17.2)4.7 (1.3--12.1)6.0 (2.6--11.9)*AE* Adverse event, *anti-TNFα* Anti-tumor necrosis factor alpha, *CI* Confidence interval, *SAE* Serious adverse event, *VDZ* Vedolizumab

### CD patients {#Sec20}

Treatment-related AEs occurred in 8.7% vs 19.0% of patients (7.3 vs 16.1 per 100 patient-years) and SAEs occurred in 10.1% vs 11.4% of patients (8.5 vs 9.2 per 100 patient-years) in the vedolizumab cohort vs anti-TNFα cohort, respectively. Among biologic-naïve patients, treatment-related AEs occurred in 10.0% vs 24.6% of patients and SAEs occurred in 10.0% vs 13.8% of patients in the vedolizumab cohort vs anti-TNFα cohort, respectively (Table [3](#Tab3){ref-type="table"}). A hypersensitivity reaction was the only adverse event reported by \> 5% of patients during vedolizumab treatment (4 patients; 5.8%) and a cutaneous reaction was the only adverse event reported by \> 5% of patients during anti-TNFα treatment (6 patients; 5.7%). There were no CD patient deaths during the study period.

Discussion {#Sec21}
==========

This study evaluated the real-world effectiveness and safety of vedolizumab and anti-TNFα treatments in patients with UC and CD in Germany during the time frame shortly after market authorization of vedolizumab. The proximity of the evaluation period of this study to the launch of vedolizumab in Germany may have imposed a selection bias in terms of physicians' decision-making on whether to use vedolizumab as a first-line biologic and on whether to try a second anti-TNFα after an anti-TNFα failure. Vigilant AE reporting is also to be expected shortly after the approval of a new treatment. Within this context, our results provide a descriptive comparison of UC and CD real-world patient outcomes after vedolizumab and anti-TNFα treatment initiation and demonstrate the effectiveness and safety of vedolizumab and anti-TNFα in clinical practice.

At baseline, assessed descriptively, UC patients treated with vedolizumab and anti-TNFα in this study had a similar disease duration (median 6 vs 5 years). Disease activity assessed by mean total and partial Mayo scores was also similar between cohorts; however, a substantially larger proportion of vedolizumab compared with anti-TNFα patients had moderate to severe endoscopic disease (62% vs 39%). Also, a substantially lower proportion of vedolizumab patients were biologic-naïve (29% vs 70%). Within this population, our results indicate that by Week 26, estimated cumulative rates of CR were substantially higher for patients treated with vedolizumab compared with anti-TNFα. Similarly, symptom resolution rates were estimated to be slightly higher in vedolizumab compared with anti-TNFα patients. The median duration of RB resolution was significantly longer in patients on vedolizumab compared with anti-TNFα, whereas the duration of CR and SF was similar between the two treatment groups. Overall, similar or better outcomes were observed with vedolizumab than anti-TNFα despite a greater proportion of patients with moderate-to-severe disease in the vedolizumab cohorts.

In the CD cohorts, assessed descriptively, vedolizumab patients exhibited longer disease duration (median 10 vs 6 years), had more severe disease activity (38% vs 22% with HBI ≥8), and fewer were biologic-naïve (14% vs 62%) than anti-TNFα patients. Within this population, AP resolution was estimated to be achieved by more vedolizumab patients compared with anti-TNFα patients by Week 26 whereas CR and LS resolution outcomes were estimated to be achieved by more anti-TNFα compared with vedolizumab patients. Among CD patients, the median duration of outcomes assessed was similar among vedolizumab and anti-TNFα patients. Overall, similar outcomes were observed with vedolizumab and anti-TNFα cohorts despite a greater proportion of patients with moderate-to-severe disease in the vedolizumab cohorts.

A systematic review and meta-analysis of real-world IBD studies highlighted variable CR rates with vedolizumab treatment across geographic locations \[[@CR19]\]. Pooled CR rates at 6 months were 39 and 26% in UC and CD patients, respectively (vs 54 and 14% at Week 26 in the current study). A recent post hoc analysis of data from phase 3 randomized controlled trials of vedolizumab vs placebo supports vedolizumab's use as a first-line biologic in UC and CD patients \[[@CR22]\]. The exploratory study demonstrated that substantial symptomatic improvement with vedolizumab treatment was achieved as early as Week 2, particularly in anti-TNFα--naïve patients compared with anti-TNFα--experienced patients \[[@CR22]\].

Overall AEs in both treatment cohorts were as expected based on previously published studies \[[@CR13], [@CR14], [@CR23]\]. Rates of treatment-related AEs in vedolizumab patients were comparable with anti-TNFα patients in UC (5.3% vs 7.0%); fewer treatment-related AEs were observed in vedolizumab patients versus anti-TNFα patients in CD (8.7% vs 19.0%). These results are consistent with the results of other studies comparing the real-world effectiveness and safety of vedolizumab and anti-TNFα for the treatment of IBD and may be related to the gut-selective mode of action of vedolizumab compared with the systemic immunosuppression of anti-TNFα \[[@CR11]--[@CR16], [@CR24]\]. The SAE rates were notably lower (3 and 7% in UC and CD patients, respectively) in GEMINI 1 and 2 trials compared with our study (13.2 and 10.1% in UC and CD patients, respectively) \[[@CR13], [@CR14]\]. However, in a systematic review of real-world vedolizumab studies, SAE rates ranged from 0 to 13% \[[@CR19]\], while a study with weighted pooled real-world SAE rates also showed a lower SAE rate of 8% \[[@CR25]\]. It is likely that this variability is related to differences in the disease severity of patients at baseline.

The comparative effectiveness results of this study are also in line with published studies. A real-world comparison of the effectiveness of vedolizumab vs infliximab induction therapy among patients with moderately to severely active UC at a tertiary IBD center in the US revealed an overall numerically higher response rate with vedolizumab (78% vs 67%) \[[@CR26]\]. Comparative effectiveness studies using propensity score-matched real-world data from the multicenter VICTORY Consortium found that, after accounting for measurable disease- and patient-specific characteristics that may affect biological effectiveness, UC patients treated with vedolizumab had significantly higher 12-month cumulative rates of CR compared with patients treated with an anti-TNFα \[[@CR27]\]. The CD patients treated with vedolizumab had numerically (but not statistically significant) higher 12-month cumulative rates of CR compared with patients treated with an anti-TNFα \[[@CR24]\]. In addition, for both UC and CD patients, safety profiles were improved with vedolizumab vs anti-TNFα (numerically lower rates of serious infections; significantly lower rates of SAEs) \[[@CR28]\]. Our real-world study results were recently corroborated by results from VARSITY, a double-blind, head-to-head study of patients with UC treated with vedolizumab or adalimumab \[[@CR29]\]. In VARSITY, vedolizumab was superior to adalimumab in achieving clinical remission (31.3% vs 22.5%) and endoscopic improvement (39.7% vs 27.7%) at Week 52; exposure-adjusted AE rates were also lower with vedolizumab versus adalimumab \[[@CR29]\].

A growing body of clinical and real-world evidence suggests that biologic treatments may be more effective in UC and CD patients without prior biologic treatment history \[[@CR13], [@CR14], [@CR16], [@CR17], [@CR22], [@CR30]\]. In a prospective observational study evaluating the clinical benefit of vedolizumab over 1 year, CR rates were higher in biologic-naïve vs anti-TNFα--experienced patients (UC \[55% vs 18%\] and CD \[33% vs 20%\]) \[[@CR17]\]. The results of the current study are aligned with these previous results, generally identifying better estimated outcomes in biologic-naïve vs anti-TNFα--experienced cohorts, independent of index treatment and indication.

This real-world chart review study had several limitations. As a retrospective study, data availability (to assess clinical effectiveness, safety and use of concomitant medications or treatments) was limited to what was recorded in the patient chart as part of routine clinical care. Missing data from patient records affected our ability to assess patients' baseline disease activity, with some patients potentially in CR or having achieved symptom resolution at baseline but not left censored because their disease activity was unknown. Patients may also have achieved or lost CR or symptom resolution before the event being recorded in the chart, which could affect the KM estimates. Missing data may also mean that the rate of adverse events is underestimated. The distribution of missing data across treatment arms is unknown, and as such potential introduction of bias cannot be ruled out. Similarly, the introduction of bias based on treatment selection is possible as the analyses did not control for variability in patients' baseline characteristics or baseline treatment dose schedules. Differences in baseline disease location and disease behavior may contribute to explaining variability in clinical effectiveness. Future studies evaluating comparative treatment outcomes should seek to control for disease severity and other patient characteristics at baseline; this was not feasible in this study due to small sample sizes, especially by sub-cohorts. We were also not able to assess an objective endpoint such as mucosal healing due to a lack of consistently recorded endoscopic data. Finally, small samples of patients in the sub-group analyses by prior anti-TNFα exposure limited our ability to interpret differences between groups.

Although recognizing the limitations of this study is important, this study also has a number of strengths, representing as it does the first retrospective, multicenter study in the German treatment context evaluating vedolizumab and anti-TNFα treatment outcomes in both biologic-naïve and anti-TNFα--refractory cohorts.

Conclusions {#Sec22}
===========

The results of this study demonstrate that both vedolizumab and anti-TNFα agents are effective in achieving CR and symptom resolution in real-world patients with UC or CD.
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**Additional file 1.** Study sites and affiliated ethics committee study approvals.
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:   Adverse event

Anti-TNFα

:   Anti-tumor necrosis factor alpha

AP
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CD

:   Crohn's disease

CI

:   Confidence interval

CR

:   Clinical remission
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:   Harvey-Bradshaw Index
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:   Inflammatory bowel disease
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:   Kaplan-Meier
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SAE

:   Serious adverse event
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